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A B ST R A C T
F e rtility  and re la ted  reproductive p rocesses  have been r e ­
ported to vary  between the tem perate  and the trop ical a rea s  of the 
w orld. However, basic knowledge is lacking concerning the physiology 
of reproduction of the fem ale bovine in the Gulf Coastal a re a  of the 
United S tates. T herefore , the Louisiana State U niversity  dairy  herd  
of 151 H olstein, 95 Je rse y  and 24 Red Sindhi-Holstein cows and heife rs  
of breeding age w ere studied from  January  I ,  1957 through May 31, 
1958. The objectives w ere: (a) to ch arac te rize  es tru s  and the estru a l 
cycle, (b) to in te rre la te  e s tru s , e s tru a l cycles, ovulation tim e, level 
of production, thyroidal activity  and fe rtility , and (c) to a sce rta in  
possib le causes of anestru s .
E xperim ental conditions approxim ated those of com m ercial 
dairym en in Louisiana. O bservations for es tru s  w ere made a t 0600, 
1200, 1800, and 2400 hou rs , excepting four seasonal 10-day periods 
when observations w ere made at all even hours. Time of ovulation 
was determ ined by re c ta l palpation at 6 -hour in tervals  from  tim e of 
breeding until ovulation had occurred . Production used was 4% FCM 
produced during the f irs t  120 days of each lactation . Thyroidal activity 
was estim ated in te rm s of blood serum  protein-bound iodine values. 
F e rtility  was m easured  by per cent diagnosed pregnancies to f ir s t  and 
second se rv ices . Incidence of anestrus was determ ined by the d iffe r­
ence between theo re tica l expected and observed es tru a l periods.
v ii
R esults w ere as follow:
lo Average duration of e s tru s  was 11.9 hours. Non-standing 
estru s  was observed in 10. 1% of 1,460 es tru a l periods. H eifers had 
significantly longer e s tru a l periods than cows. E s tru s  after conception 
was exhibited by 14.4% of the anim als and involved 3.4% of the es tru a l 
periods. Average tim e to f ir s t  postpartum  es tru s  for 169 cows was 
38.4 days.
2. Modal length of the es tru a l cycles was 21 days for cows and 
20 days for h e ife rs . The range of 16 - 24 days included 69. 3% of the 
cycles.
3. Average time of ovulation was 12.4 hours after the end of 
estru s and inc reased  with age.
4. .Level of m ilk  production was significantly co rre la ted  
(r = 0 . 18) with tim e to f i r s t  postpartum  es tru s ; effects of age held 
constant. No association  was found between level of m ilk production 
and fe rtility .
5. Animals b red  7 - 1 2  hours after the onset of e s tru s  had the 
highest fe rtility  (55%), w hereas those b red  between 0 - 6  hours had the 
lowest (20%). Age was significantly co rre la ted  (r “ 0.26) with fe rtility ; 
effects of m ilk production held constant.
6 . A nestrus occu rred  in 33.4% of the an im als, with 10.6% 
of the expected es tru a l periods being m issed . It was calculated that 
anestrus would have increased  1 9 . 9 % with only twice daily o b serv a­
tions and 1 0 % with only th ree -tim es-a -d a y  observations.
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7. Monthly PBI levels of 26 random ly selec ted  cows decreased  
from  8 . 8  m e g .% in A pril to 3 .8  mcg.%  in A ugust, following an inverse  
re la tionship  with environm ental tem p era tu re s  and hum idity.
I . IN TR O D U C TIO N
Rapid advances have been made in recen t years in the knowledge 
concerning the physiology of reproduction in the bull, physiology of 
sem en, sem en processing and in techniques of insem ination. C onsider­
ably less inform ation is available on physiology of reproduction in the 
cow. This is p a rticu la rly  true  for the knowledge concerning the re p ro ­
ductive behavior of dairy  cows in the subtropical a reas  of this country. 
Since fe rtility  involves both males and fem ales, it is im perative that 
we have inform ation on both sexes. Inform ation especially  needed on the
cow may be partitioned as follows; (a) duration of e s tru s , (b) tim e of
)
ovulation, (c) optimum time of mating or insem ination, (d) causes of 
an es tru s , and (e) the in terre la tionsh ip  between fe rtility  and environm ent.
Considerable inform ation re la tive  to the above lis ted  needs has 
been accum ulated from  the tem perate  regions of the w orld, but in fo rm a­
tion from  the subtropics and tropics is scarce  and based on sm all 
num bers. These lim ited  data have indicated that a tro p ica l environm ent 
may depress the expression  of e s tru s  which re su lts  in sh o rte r e s tru a l 
periods (1, 2, 26, 41, 53, 74, 84, 10 7)'. It w as, th e re fo re , reasoned
that the high incidence of anestru s  in Louisiana (17, 18, 63) was possibly 
due to sh o rt e s tru a l periods which were not being observed. It was a lso  
postulated tha t cows with sh o rt e s tru a l periods perhaps were being b red  
too late for optimum ra te  of conception.
Confronted with the problem  of anestru s , the lack of proof for 
the reasoning set fo rth  concerning anestrus above, and the lack of in ­
form ation available on the norm al reproductive behavior of dairy  cows 
under environm ental conditions prevailing in Louisiana, the experim ent 
repo rted  herein  was conducted with the following objectives: (a} to 
charac terize  the e s tru a l periods and cycles of dairy cattle under 
Louisiana conditions, (b) to in te rre la te  e s tru s , e s tru a l cycles, ovulation 
tim e, level of production, thyroidal activity  and fe rtility  in such anim als, 
and (c) to a sce rta in  the nature of anestrus in dairy  cattle in Louisiana.
II. REVIEW OF LITERATURE
R eproduction in the bovine (Boa tau ru s) is a  com plex phenomenon 
re su ltan t of s e v e ra l d is tin c t yet in te rre la te d  p ro c e s s e s . The m ost im ­
p o rtan t of these p ro ce sse s  a re  sexual d e s ire , m aturation  and re le a se  of 
the ovum, insem ination  w ith subsequent fe rtiliz a tio n  of the ovum, and 
m aintenance and nourishm en t of the conceptus u n til p a r tu r itio n . E s s e n ­
tia lly  a ll of the varia tion  within and among these com ponents of rep roduc ­
tion  have been found to be due to the env ironm ent (10, 19, 24, 65, 7 2 ,
83) w ith little  im provem ent in breeding efficiency possib le  th rough  genetic 
se lec tion . E nvironm ent is defined here in  as a ll fa c to rs  other than 
hered ity  which affect physio logical function. T h e re fo re , th is rev iew  of 
the li te ra tu re  concerns p r im a rily  the physiological response  of the r e ­
productive p ro cesse s  brought about by changes in the environm ent.
A . ESTRUS
"The fem ale rep roductive  sy stem  has in m ost species a w ell- 
m arked  functional rhy thm  called  the e s tru a l  cy c le"  (31). The portion  
of the e s tru a l  cycle during w hich the fem ale is sexually  recep tive  of 
the m ale may be defined as e s tru s .  H owever, Nalbandov (72) has 
p artitio n ed  e s tru s  in to  two types, nam ely: psychological and p h y sio ­
log ical. D uring psychological e s tru s  the fem ale exhibits sexual in te re s t  
w hich v a rie s  in  in tensity  fro m  m ild excitation  to  sexual re c e p tiv e n e ss .
P sych o lo g ica l e s tru s  is u sua lly  the ex p ress io n  of physio logical e s t r u s 0 
P h ysio log ica l e s tru s  is  c h a ra c te r iz e d  by ovarian  fo llicu la r developm ent 
and is u sua lly , though not n e c e ssa r ily , accom panied by psychological 
e s tru s  (9> 46, 72, 104). M ost inv estig a to rs  (1, 2, 4, 26, 64, 6 8 , 73) 
have considered  only the co ita l period  as e s t ru s ,  w hereas o thers (35,
47, 72, 90, 97, 104) have defined e s tru s  re la tiv e  to ovarian  function, 
v iz . , m atu ration  of the ovarian  fo llic le . The fe r ti l i ty  of an im als during 
physio logical without psychological e s tru s  (s ilen t e s tru s )  has been r e ­
p o rted  by T rim b e rg e r (104) to be s im ila r  to tha t of an im als during 
"standing 11 e s t ru s .  Standing e s tru s  was defined as the s ta te  of sexual 
r  e cepti vene s s .
1. D uration of E s tru s
a . In the tro p ics  and sub trop ics
L im ited  data fro m  the tro p ics  indicate th a t such  environm ents 
tend to supp ress  the duration  of e s tru s  in  ca ttle  (1, 2, 26, 41, 53, 74,
84, 10 7). A nderson  (1) found tha t Zebu cattle  in K enya, w hich is located  
in the e a s t  c e n tra l reg ion  of A frica , had average e s tru a l periods of only
1 .3  hou rs . These data w ere b ased  on 74 e s tru a l  periods of two cows 
and th ree  h e ife rs . E s tru s  was defined as the co ita l p e rio d  as determ ined  
by a  vasectom ized  bull. O bservation  was apparen tly  continuous. On the 
other hand, A nderson  (2) la te r  re p o rte d  th a t Zebu cattle  in  Kenya had an 
average  duration  of e s tru s  of 5. 0 hours as  com pared  to 7.0 hours for 
grade E uropean  ca ttle  under the sam e env ironm ent. T hese data w ere
based  on X, 130 e s tru a l cycles with observations every  three hours. This 
la te r  study probably gave a  more re liab le  m easure of the duration of 
e s tru s  in this trop ical clim ate.
F u rth er data concerning es tru s  in cattle in a tro p ica l environm ent 
have been rep o rted  by Quinlan et a l. (84} of the Union of South A frica . 
These investigators found an average duration of e s tru s  during the 
sum m er in 70 heifers of various breeds as follows: A fricander, 7.9 
hours; F rie s lan d , 11. 7 h o u rs ; Red P o ll, 14. 0 h o u rs ; and Sussex, 9.0 
hours. E s tru s  was determ ined with vasectom ized bu lls , with checks for 
standing es tru s  being made every  hour during the " tes t"  period . The 
te s t period  of one week was begun 18 days after the previous e s tru a l 
period, thereby  bracketing a l l  "norm al" e s tru a l periods.
Indications of the effects of a subtropical environm ent on the 
duration of e s tru s  were repo rted  by Ivankov (53) of the R ussian  U kraine. 
Data were collected on 60 Sim m ental grades aged 1 . 5 -  10.0 years 
during the period  of F eb ru ary  through June of 1955. The duration of 
e s tru s  for heifers ranged from  1 0 . 0  - 18.0 hours, while the range for 
cows was from  7. 0 - 14.0 hours with an overall average of 14.0 hours 
for both age groups* Another R ussian w orker, G erasim ova (41), in  a 
study of 125 cows, found the average duration of e s tru s  to be 12.5 hours 
w ith 9 4 . 9  per cent of the periods within the range of 6 . 0  - 16.0 hours.
The duration of e s tru s  has been repo rted  from  the Philippines 
by Clamohoy (26) and N azarena (74). Clamohoy found an average d u ra ­
tion of 13.3 hours for 11 native cows which were observed twice daily.
The coital period was determ ined with a vasectom ized bull. N azarena 
of the same station and apparently using the methodology of Clamohoy 
found an average duration of estru s of 13.4 hours for 16 Red Sindhi 
cows.
Ulloa (107) of Costa Rica has reported  an average duration of 
e stru s  of 8.3 and 11.5 hours for 35 Creole and 30 Je rsey  cows, r e ­
spectively. Details rela tive to experim ental procedure were not given.
It, therefore , appears from  the lim ited inform ation presented  
above that European breeds of dairy  cattle have e s tru a l periods of a p ­
proxim ately 7.0 to 14.0 hours duration tinder trop ical and subtropical 
environm ental conditions (26, 39, 57, 74, 84). Duration of estru s  in 
beef cattle under these conditions apparently is sh o rte r , ranging from
1.3 to 14.0 hours (1, 2, 84).
b . In the tem perate regions of the world
The duration of es tru s  in the tem perate regions of the world has 
been studied more in tensely  and with la rg e r num bers of anim als in ­
volved than in the tropics and subtropics. T rim berger (102) observed 
132 fem ales in the U niversity of N ebraska dairy  herd  a t 2 -hour in tervals 
during the following "standing1* e s tru s . He found the average duration of 
es tru s  to be 17.0 hours, with a range of 2. 0 - 28.0 hours. Age d iffe r­
ences were repo rted  la te r by T rim berger (103), with an average d u ra - 
tion of e s tru s  of 18.0 hours for 8 6  cows and 15.0 hours for 46 h e ife rs.
In 1955, T rim berger and Hansel (.106) repo rted  an average duration for
standing e s tru s  of 18.0 hours for 30 dairy  cows located  in New York. 
These cows were checked a t  4 -hour in tervals  n ea r the end of e s tru s .
In a ll of these studies European b reeds of d a iry  cattle w ere involved.
Data rep o rted  by A schbacher e t a l . (4) on 50 grade H olstein cows 
of the W isconsin A gricu ltu ra l E xperim en t Station dairy  herd  gave a mean 
duration of e s tru s  of 17.0 hours for these an im als . Checks for e s tru s  
w ere made ev e ry  eight hours w ith te a se r  bu lls.
O ther re s e a rc h  done in the tem perate  zone has been rep o rted  by 
Hammond (46), who found the average duration of e s tru s  fo r da iry  
cattle  in England to range from  6 . 0 - 30. 0 hours w ith a mean of 17. 0 
hours. Cows averaged  19»0 hours as com pared to 16.0 hours for 
h e ife rs . Seasonal varia tion  was found but no varia tion  was found which 
could be a ttribu ted  to the b reed  of an im als . Methodology em ployed was 
not given.
Laing (62), fro m  observations made during 48 e s tru a l periods of 
40 d a iry  cows in England, found an average duration  of e s tru s  of 12.4 
hours w ith a range of 8 . 0 - 24 .0  hours. However, i t  should be pointed 
out that this re s e a rc h e r  partitioned  the e s tru a l cycle fu rth e r , and r e ­
po rted  values of 14.9 hours for p ro es tru s  and 6 . 8  hours for m e te s tru s . 
C r ite r ia  used  to  d ifferentiate these e s tru a l phases w ere not given.
Thus, m ost of the data on duration of e s tru s  in cows in the 
tem perate  a re a s  of the w orld average about 17.0 hours (4, 46, 103, 106), 
The duration of e s tru s  in heifers was approxim ately  2 .0  hours le s s .
2. E s tru s  A fter Conception
Knowledge concerning the frequency of e s tru s  a fte r conception is 
of p rac tica l im portance because a r tif ic ia l insem ination during such 
ab erran t e s tru a l periods may induce abortion . P regnant anim als which 
exhibit e s tru s  a re  often considered not to be pregnant and culled.
The re su lts  of investigations concerning es tru s  a fte r conception 
in dairy  cattle have been rep o rted  by sev e ra l re se a rc h e rs  (17, 29, 30, 
39). Donald (29) repo rted  that 3.4% of the cows included in his data e x ­
hibited es tru s  one or more tim es during pregnancy, w hereas Donoho (3 0) 
rep o rted  a 6.0% ra te . M easuring e s tru a l periods ra th e r  than cows, E rb  
and M orrison (39) observed a 5.6% incidence of e s tru s  a fte r conception 
during 6 , 751 reproductive periods. Cows in the second and th ird  r e p r o ­
ductive periods averaged 7. 5% as com pared to a little  more than 4. 0% 
for anim als in the ir f ir s t  or more than seventh reproductive period.
3. Tinae to F i r s t  P ostpartum  E stru s
The length of time from  p artu rition  to the f i r s t  postpartum  es tru s  
is of m ajor im portance to the anim al b reed e r when it is of such duration 
tha t it lengthens the calving in terval. Calving in terva l is defined herein  
as the tim e between subsequent calvings. Consequently, the in te rva l 
from  p artu rition  to f ir s t  e s tru s  has been used  as one of the m easures of 
breeding efficiency by num erous investigators (22, 24, 27, 39, 42, 49, 
64, 77, 112). In tervals of from  33.0 to 80.0 days have been rep o rted , 
w ith the longest values accred ited  to beef cattle on range experim en ts.
9F o r m ost dairy  ca ttle , the average in te rva l was about 50.0 days.
B. LENGTH OF ESTRUAL CYCLE
Data concerning the length of the e s tru a l cycle of cattle have 
been sum m arized  by A sdell (5). Within these data the average cycle 
length for heifers was 20.23 "t 0.05 days w ith a slightly  longer cycle 
of 21.28 * 0.06 days for cows. F or h e ife rs , 84.0% of the cycles ranged 
fro m  18 - 24 days, but for cows, 85.0% of the cycles were from  18 - 22 
days in length. M ost of the varia tion  was between an im a ls , with in d iv i- 
duals showing a strong tendency to es tab lish  definite e s tru a l p a tte rn s .
O ther re se a rc h e rs  have rep o rted  s im ila r re su lts , p resen ted  as 
modal values. Modal cycle length for cows (11, 25, 31, 104} was 21 
days, but heifers (1 1 ) were often 1 . 0  days sh o rte r with a length of 2 0  
days.
Data from  the trop ics (1, 2, 26, 74, 85, 107) concerning the 
e s tru a l cycle did not indicate varia tion  due to such environm ental con ­
ditions. G enerally, they agreed  w ith data rep o rted  from  the tem perate  
regions of the w orld (5, 11, 15, 25, 31, 64, 76, 87, 104, 109) which 
gave average and modal values of about 2 1  and 2 2  days with ranges of 
from  18 to 25 days. VanDemark and M oeller (109) considered  35 days 
as the m axim um  for one cycle and found tha t 82. 0% of 4, 885 cycles were 
in the range of 18 to 25 days.
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C. TIME OF OVULATION
The bovine female is unique among fa rm  anim als in that ovula­
tion usually occurs spontaneously a fte r the end of psychological es tru s  
(9). Knowledge as to the time of ovulation is im portant because 
sperm atozoa live only a lim ited length of time in the female rep roduc­
tive tra c t (45). Consequently, numerous studies have been conducted 
to determ ine the tim e of ovulation (4, 20, 31, 45, 46, 48, 52, 59, 62, 
6 8 , 69, 72, 73, 102, 103, 104, 105, 106). R esults reported  by these 
w orkers were in general agreem ent that ovulation usually occurred
10.0 - 14.0 hours a fte r the end of e s tru s . Ovulation also  appeared to 
be more closely tied  to the end of es tru s  than to its onset (9).
Lack of data from  the tropics and subtropics prevents an evalua­
tion of the effects of such environm ents on time of ovulation. Such data 
collected ac ro ss  season apparently is alm ost nonexistent except that 
collected by T rim berger (103), who found no differences due to season 
in N ebraska, which is in the tem perate a re a .
That age may affect tim e of ovulation in cattle has been re  - 
ported  by B rew ster and Cole (20), who found that heifers ovulated, 
on the average, 3.0 hours e a r lie r  than did parous cows. Results r e ­
ported  by Nalbandov and Casida (73) were in general agreem ent, but 
T rim berger (102) found only 0.5 hour difference with the average tim e 
of ovulation a fte r the end of e s tru s  being 10. 7 hours for cows and 10.2 
hours for heife rs.
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O vulation has a lso  been found to  occur w ithout ex te rn a l m an i­
festa tion  of e s tru s  (46, 59, 104), Such periods in  the e s tru a l  cycle 
have been te rm ed  "silen t e s tru s .  " Cows b red  a r tif ic ia lly  during these 
periods had conception ra te s  com parable to  those b red  during standing 
e s tru s  (104).
D. FACTORS WHICH MAY A FFE C T BREEDING EFFICIENCY
1. Time of B reeding D uring E s tru s  •
A ccording to  re su lts  sum m arized  p rev iously  in the rev iew  of 
the l i te ra tu re , ovulation usually  occurs about 10.0 to 14 .0  hours a fte r  
the end of e s tru s .  The duration of fe r ti le  life  of the sperm atozoa  in the 
fem ale rep roductive  t r a c t  is about 24 .0  h o u rs , w hereas the free  ovum 
rem ain s viable some 6 .0  hours (9)« Conditions w ithin the fem ale r e p r o ­
ductive t r a c t  such  as am ount and type of mucus ?kre thought to  affect 
livab ility  and tra n sp o rt of the sperm atozoa (35, 80). Consequently, 
optim um  fe r ti li ty  can be achieved  only by regu la ting  the tim e of in ­
sem ination  to  fit p ro p e rly  into these re la te d  physio logical phenom ena 
u sua lly  a sso c ia ted  w ith e s tru s  (9).
S ev era l con tro lled  experim en ts have been conducted to  d e te r ­
mine the optim um  tim e fo r insem ination  (4, 12, 15, 81, 93, 102, 103), 
w ith  the experim en t of T rim b e rg e r and Davis (105) m ost often u sed  to  
make recom m endations in a r ti f ic ia l  b reeding in  the U nited S ta te s . The 
la tte r  w orkers found th a t 82.0% of the cows b re d  a t m id -e s tru s  con­
ceived  w hereas the conception ra te  fo r those b red  a t  the beginning and
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a t the end of es tru s  was 44.0 and 75.0%, respectively . Conception 
ra te  for cows bred  6.0 hours p o s t-e s tru s  was only 65.0%. The d u ra ­
tio n  of e s tru s  averaged 16.0 hours with ovulation 10.5 hours a fte r the 
end of e s tru s .
R.esults which d isagreed  with those of T rim berger and Davis 
(105) have been repo rted  by P a tr ic k  and H erm an (81). The investigators 
found little  variation in breeding efficiency which could be attribu ted  
to  time of serv ice  during e s tru s . However, these data were based on 
fie ld  observations, with the dairy  fa rm e r observing the tim e of onset 
of e s tru s . In com paring these two sets of data from  N ebraskaj( 105) 
and Louisiana (81), the fo rm er based on 8 6  cows and 46 h e ife rs , the 
la tte r on 5,352 cows and h e ife rs , one m ust decide whether sample size 
gave m ore sensitiv ity  to the experim ent than was lost through fa rm er 
observations.
As a consequence of these findings and from  previous experience, 
the general recom m endation in a r tif ic ia l breeding organizations is that 
cows should be insem inated from  the middle to the end of e s tru s  for 
optimum fe rtility . Cows observed in  e s tru s  in the morning (A.M . cows) 
should be insem inated during the afternoon of the same day. Cows ob­
served  in e s tru s  during the afternoon (P .M . cows) should be insem inated 
during the morning of the following day. This has been the p ractice  in 
the Louisiana a r tif ic ia l breeding p rog ram  and in other subtropical a reas  
of this country even though no controlled experim ental data were a v a il­
able on duration of e s tru s , ovulation time and tim e of se rv ice .
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2. Age of the Fem ale
The age a t which heifers reach  sexual m aturity  varies  with the 
state of nutrition  and clim atic conditions (31). However, once e s ­
tablished, e s tru a l periodicity  continues until sen ility . At the onset, 
the reproductive tra c t usually  has not been affected by d isease and r e ­
production* Consequently, fe r tility  should be optimum a t this tim e.
Since age can be m easured , its effects on fe rtility  have been studied 
extensively.
The effect of age on conception ra te  has been reported  by num er - 
ous investigators (19, 34, -38, 49, 64, 69, 70, 75, 79, 81, 101). M ost 
of these data were in general agreem ent tha t conception ra te  increased  
up to about six years of age afte r which a gradual decline occurred . 
However, these data were generally  based  on a ll anim als insem inated 
w ith non-breeding heifers adversely  affecting the conception ra te  for 
the ir age group (64). Branton e t a l. (19) found a higher conception ra te  
for v irg in  heifers when the reco rds of non-breeders were om itted. The 
validity of such procedure was based on the fact that by definition non­
breeding heifers always rem ain  in the heifer category, thereby in tro ­
ducing bias to  that age group only. The findings of E rb  and Holtz (38) 
agree with those of Branton et^al. (19). F u rth e rm o re , these w orkers 
(38) found that cows in their six th  reproductive period and older had 
decreasing fertiliza tion  ra te s .
3. L evel of P roduction
It has been rep o rte d  tha t lac ta tion  su p p resses  ovarian  ac tiv ity  in 
the sow (46, 113} and in the r a t  (61). H ow ever, num erous re p o rts  in  
the li te ra tu re  lack  ag reem en t as to the effect of lactation  on reproduction  
in d a iry  cattle  (15, 19, 24, 27, 28, 49, 77, 78, 89). M uch of the lack  
of ag reem en t betw een these investiga to rs  was apparen tly  due to the use  
of d ifferen t c r i te r ia  to m easure  b reed ing  effic iency . The m easu res  in ­
cluded in this rev iew  a re : (a) days to f i r s t  e s t ru s ,  (b) se rv ice s  per 
conception, and (c) per cent conception to f i r s t  s e rv ic e .
S ev era l in vestiga to rs  (16, 24, 2 7, 49, 77} have studied  the effects 
of level of m ilk produced during d ifferent p a rts  of the co n cu rren t la c ta ­
tion  upon the length  of the period  between p a rtu ritio n  and the f i r s t  p o s t­
p a rtu m  e s tru s .  C arm an (24), Clapp (27), and Olds and Seath  (77) found 
these  two variab les to be positively  c o rre la te d  but H erm an and Edm ondson 
(49) and Boyd e t a l .  (16) did not. Such d isag reem en t could have been due 
to the d ifferen t levels of m ilk production in each  s e t of data.
S erv ices per conception have been re la te d  to  level of m ilk p ro d u c ­
tion by B ranton e t a l. (19), who found a highly sign ifican t sim ple c o r r e la ­
tion  of 0 .43 betw een these  two v ariab les  in the Louisiana State U niversity  
da iry  herd . I t  should be em phasized  th a t these w orkers (19) did not 
ad ju st the m ilk re c o rd s  for the effects of age of cow a t calving and used  
the 305-day re c o rd  on a 4 . 0% fa t c o rre c te d  b a s is . Olds and Seath  (78) 
found a negative co rre la tio n  of - 0 . 2 1  betw een th ese  two v ariab les  in  data 
b ased  on Kentucky a r ti f ic ia l  b reeding  reco rd s  of 29 h e rd s . C onsiderable
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varia tion  was found among h erd s, w ith some showing a positive c o r r e la ­
tion , C arm an (24) found no re la tionsh ip  between se rv ices  per conception 
and level of production in two state  institu tional herds. The level of 
production was not given. Olds and Seath (78) re la ted  conception ra te  
to  f i r s t  se rv ices  and the m ilk yield during the f i r s t  1 2 0  days of the 
lactation  adjusted  to a m ature equivalent b a s is . However, C arm an (24) 
used  the 305-day m ature equivalent reco rd . P erhaps the differences in 
p rocedures of com parisons by these investigato rs (19, 24, 78) account 
fo r some of the d iscrepancies among the ir r e s u lts .
Conception to f i r s t  serv ice  is a m easure  often used  to determ ine 
breeding efficiency in dairy  h e rd s . Consequently, such reco rd s  a re  
num erous, but unfortunately, contem porary  production reco rd s  a re  
u sua lly  lacking in the United S ta tes. However, R ottensten and A ndersen 
(89) w ere not lim ited  by such a lack  of production reco rd s  in D enm ark. 
These re s e a rc h e rs  re la ted  10, 125 bu tterfa t yield reco rd s  to per cent 
conception to  f i r s t  se rv ice  in 130 com m ercia l herds and found that as 
y ie ld  in c reased  fe r tility  d ecreased . In co n tra st, C urrie  (28) of New 
Zealand found no significant rela tionsh ip  between milk production and 
fe r tility . These la tte r  data w ere based  on reco rd s  made by 9,234 cows 
in 524 herds and b red  by six  a r tif ic ia l breeding asso c ia tio n s ,
4 . A nestrus
A nestrus may be defined as a lack of exp ression  of e s tru s . It 
m ay b e  due to com plete suppression  of ovarian ac tiv ity  or to the
condition in which the ovary is undergoing cyclic activ ity  without ex ternal 
m anifestation of e s tru s . C linical anestrus includes a ll anim als not ob­
served  in heat. It may be due to lack of ovarian activ ity , lack of ex terna l 
expression  of e s tru s , or to failure of observation. F ailu re  of observation 
may be due to short e s tru a l periods which occur between observations, 
or to es tru s  being of such low in tensity  as to pass unnoticed.
Recent investigations by Branton (18) and Lank (63) in
num erous dairy  herds in Louisiana have shown that anestrus constitutes 
a m ajor portion of the reproduction difficulties in these h erd s . A lso, 
Gibbons (42) has repo rted  anestrus to be a m ajor economic breeding 
problem  in dairy  herds in the South. F u rth e rm o re , this problem  also  
has been rep o rted  to be im portant in the N orth (7, 10, 104). A sdell (7,
9 ) was of the opinion that failure to detect signs of e s tru s  resu lted  in 
cycling cows being considered anestrus by dairy  fa rm ers  in New York. 
T rim berger (104) found a 19. 7% incidence of "silen t"  periods were r e ­
vealed by routine ovarian palpation. The cows were observed closely  
twice daily for e s tru s .
5. Season
S everal m am m alian spec ies, such as the sheep, the goat and the 
d ee r, a re  known to have definite breeding seasons, the periodicity  being 
influenced by many facto rs such as nutrition , tem p era tu re , and light 
(3, 21, 114). Dutt and Bush (32) rep o rted  an eight-w eek advance in the 
breeding season of sheep which were kept in an a r tif ic ia l cold
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environm ent for sev era l months. The light was kept "natural" by the use 
of special windows in the clim atic cham ber. The nutritional regim e was 
the same as the contro ls. Both sexes responded sim ilarly .
Although the cow is polyestrus and usually has ra the r definite 
e s tru a l periodicity  which begins a t or soon after puberty, seasonal 
variation in breeding efficiency has been reported  by numerous investi­
gators (40, 69, 75, 81, 8 8 , 94, 98). Erb_et a h  (40) analyzed Indiana 
data which covered a 20-year period and included 1,440 se rv ice s . Con­
ception ra te  was 74.3 and 58.2% for the months of May and August, 
respectively . Seath and Staples (94) also  found seasonal differences 
in breeding efficiency in Louisiana institu tional dairy  cattle herds, with 
the highest efficiency occurring in the fa ll and winter and the lowest in 
the spring and sum m er. However, Norton (75) found differing resu lts  
in his analysis of the breeding reco rds of the Louisiana State U niversity 
dairy  herd  as shown in Table 1. Additional Louisiana data based on 
a rtif ic ia l breeding records have been reported  by P a trick  and Herm an 
(81). Seasonal trends in these data were sim ilar to those repo rted  by 
Seath e t a l. (94) and Norton (75), but the variation was much le ss . 
Sweetman (8 6 ) found a 6.3% increase  in nonreturn ra te s  for the period 
of July - Decem ber over the period of January - June in A laska.
S im ilar seasonal effects on fe rtility  also  have been repo rted  by 
Rottensten (88) in Denmark as shown in Table 1. However, in these 
data the nonreturn were low est in January and highest in June.
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TABLE 1
The seasonality  of b reed ing  efficiency in d a iry  cattle
Conception ra te  by seasons
Investigato rW inter Spring Sum m er F a ll  '
C%) (%> (%) (%>
70 73 51 6 6 N orton (75)
65 70 64 64 P a tr ic k  e t a l. (81)
52 75 R ottensten  (8 8 )
•m .« 74 58 _ — E rb  et a l . (40)
A lthough seaso n a l effects upon breeding  efficiency have been r e ­
p o rted  fro m  vafious p a rts  of the w orld (40, 69, 75, 81, 8 8 , 94, 98), 
B urgess (23) found no significant d ifferences due to m onth or season  
in O ntario , Canada a r ti f ic ia l  breeding data, A to ta l of five years  data 
b ased  on 328, 295 f i r s t  se rv ice s  w ere analyzed. B reeding efficiency 
was based  upon 60- to  90-day  nonretu rns to f i r s t  s e rv ic e . These data 
a re  in ag reem en t w ith those re p o rte d  by E rb  and Holtz (38) in W ashington.
6 . T hyro idal A ctiv ity
The ro le  of thy ro id  horm one in the rep roductive physiology of 
the fem ale has been rev iew ed  by Reineke and Solim an (8 6 ). These data 
ind icated  a re c ip ro c a l balance between the horm ones of the p itu ita ry , 
the ovary , and the thyro id . An im balance in th is  horm onal m echanism  
did not n e c e ssa r ily  lead  to com plete reproductive  fa ilu re , but fe r ti l i ty  
was u sua lly  ad v erse ly  affected .
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Spielman (97) have repo rted  a lack of the physical m ani­
festations of e s tru s  in the thyroidectom ized bovine. However, viable 
ova were produced as evidenced by the production of offspring. N orm al 
breeding behavior was re s to re d  by the use of thyroid therapy . These 
authors ( 8 6 ) postulated an association  between thyroidal activ ity  and 
sexual activ ity  due to  stim ulation of the p itu itary  by the gonadal 
hor mone s .
R esearch  in Louisiana has shown tha t fe rtility  in cows (75, 82) 
and sem en quality in bulls (43, 58) declined m arkedly during hot, humid 
sum m ers. Since tem peratu re  had been repo rted  to depress thyroidal 
activ ity  (31, 8 6 ), additional re se a rc h  was in itia ted  which showed a 
seasonal pattern  in thyro idal activ ity  of dairy  bulls (44) as m easured 
by plasm a protein-bound iodine. M aximum levels were found in A pril 
with minimum levels in July and August. Although not s ta tis tica lly  s ig ­
nificant, the low est level occurred  during the month of A ugust. August 
had been rep o rted  by other Louisiana investigato rs (75, 82, 94) to be 
one of the low fe rtility  months for both institu tional and a rtif ic ia l 
breeding data.
R esearch  by Johnston e t a l. (54, 56) with dairy  cows in Louisiana 
has shown s im ila r effects of tem perature  on thyroidal activ ity . However, 
m ost of the depression  of thyroidal activ ity  was found to be due to  high 
absolute humidity which prevented the tran sfe r of body heat to the a t ­
m osphere. It should be em phasized that high absolute humidity is an 
im portan t fac to r only when accom panied by high tem p era tu re s . F rom
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these re su lts , i t  seem s that clim ate must be described by humidity as 
well as tem perature when co rre la ted  with breeding efficiency.
Thyroidal activity (PBI) of dairy cows was found to be sign i­
ficantly negatively co rre la ted  with serv ices per conception (r = -0.213) 
and tim e to conception (r = -0.255) by Lennon and Mixner (6 6 ) of New 
Je rsey . Thus a triangle of association is presented: thyroidal activ ity  
with breeding efficiency (44, 6 6 ), breeding efficiency with clim ate (43,
58, 75, 82, 94) and clim ate with thyroidal activity  (44, 54, 56). The 
role of the p itu itary  gland in reproduction ( 8 6 ) is essen tia l. However, 
its in terre la tionsh ip  in this triangle has not been c learly  elucidated.
E . GENERAL SUMMARY OF REVIEW OF LITERATURE
As shown by the lite ra tu re  included in this review , reproduction 
in cattle is a complex phenomenon dependent on many processes which 
ac t individually and collectively. Although these processes were usually 
cushioned against changes in the environm ent by the homeostatic 
m echanism  of the body, sufficient variation often occurred  which allowed 
m easurem ent of trea tm en t response.
The length of the es tru a l cycle varied little  from  one geographical 
a rea  of the world to another. However, some re se a rc h e rs  reported  
sh o rte r cycles for heifers ( 2 1  days) than for cowa ( 2 2  days).
The duration of es tru s  was found to be about five hours -shorter 
in the tropics and subtropics than in the tem perate a reas  of the world. 
Some investigators found that the average duration of estru s  for heifers
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was about two hours sh o rte r  than for cow s.
E s tru s  a fte r  conception was found to  be a  w idespread  p rob lem  
w ith the average incidence ranging fro m  3 .4  to 7.5%. E s tru s  a fte r 
calving was rep o rte d  to occur about 50 days po stp artu m  for m ost d a iry  
c a ttle . However, beef cattle  average about 10 days longer.
A lthough based  on sm all num bers of anim als and o bserva tions, 
m ost re su lts  w ere in genera l ag reem en t tha t ovulation o ccu rred  about
10.0 - 14.0 hours a fte r the onset of e s t ru s .  Some re p o rts  ind icated  a 
sligh tly  sh o r te r  tim e to ovulation for h e ife rs . Data concerning the e f ­
fec ts  of season  on ovulation a re  p rac tic a lly  non -ex is ten t.
Conflicting re su lts  w ere rep o rte d  concerning the optim um  tim e 
fo r insem ination . Some investiga to rs  re p o rte d  higher fe r ti l i ty  during the 
la s t half of the e s tru a l period  while o thers re p o rte d  little  varia tion  due to  
tim e of insem ination .
M ost of the data is in gen era l ag reem en t th a t fe r ti l i ty  in c re ased  
up to about six  years  of age a fte r which a g radual decline o ccu rred .
When non-breeding he ife rs  w ere rem oved fro m  the data, optim um  
fe r ti l i ty  began in  tha t age group ra th e r  than a t six  y e a rs .
The effect of leve l of m ilk production has not been defin itely  es -
tab lish ed . Most of the d isag reem en t was due to  the lack  of un ifo rm ity  in 
environm ent, the lack  of un ifo rm  c r i te r ia  to  m easure  b reeding  efficiency 
and to the lim ited  am ount of data , p a r tic u la r ly  on high producing cow s.
A nestrus was found to be a p rob lem  in a ll of the a re a s  of the w orld .
However, many au thors w ere of the opinion tha t m ost of the an estru s  
rep o rte d  was due to lack of efficient observation  for e s tru s .  Short 
e s tru a l periods which w ere asso c ia ted  with tro p ica l clim ate w ere thought 
to lower the efficiency of observation .
Seasonal patterns w ere rep o rte d  for both fe r tility  and thyroidal 
ac tiv ity . These variab les decreased  as tem p era tu re  in c reased . Some 
au thors were of the opinion tha t the effects of clim ate on reproduction  
w ere m ediated through the thyroid .
H I. E X P E R IM E N T A L  M A T E R IA L S  A N D  M ETH O D S
A . SCOPE AND DURATION OF EXPERIMENT
The experim en ta l period  covered by this re s e a rc h  was in itia ted  
January  1, 195 7 and was te rm in a ted  May 31, 1958. Data w ere co llected  
continuously during the 17-m onth period  without holiday or re c e s s .
The experim enta l unit included a l l  cows and heifers of breeding 
age in the Louisiana State U niversity  d a iry  herd , Baton Rouge, 
Louisiana. The herd  consisted  of 151 H olstein, 95 Je rse y  and 24 Red 
Sindhi-H olstein cows and h e ife rs .
B. FEEDING AND MANAGEMENT OF ANIMALS
Feeding and m anagem ent p rac tices  em ployed during the e x p e r i­
m ental period  approxim ated those followed by good com m ercia l d a iry ­
men in Louisiana. G rain was fed according to production a t re c o m ­
mended lev e ls . R otational grazing of perm anent and supplem ental 
pastu res  was p rac ticed  during m ost of the experim ent, except during 
v e ry  wet w eather when hay and silage or g reen  chopped forage were fed 
free  choice in bpen feed lo ts . The perm anent pastu res  consisted  m ainly 
of D allis and Berm uda g ra s s e s . V ery little  clover was p resen t during 
this p a rticu la r y ea r. In general, the p astu res  varied  from  average to 
poor quality . The supplem ental pastu re  and green chopped feed
I i
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consisted  of oats and m ille t. The silage fed was fa ir  to poor quality corn  
and soybean for the cows and corn and some sorghum  for the heife rs .
The hay fed was la rg e ly  native g ra s s . However, some alfa lfa hay was 
fed during January  and F eb ruary , 1957 and during August, 1957.
The pastu res and lots allow ed free  movement of the an im als, but 
w ere sufficiently sm all to p erm it efficient observation for e s tru s .  No 
an im als were housed a t any tim e except for a b rie f  period  ju s t p rio r  to 
p a rtu ritio n  and for about two hours during the milking operation. A ll 
cows were m ilked tw ice daily in a pipeline p a rlo r  sy stem . Milk weights 
w ere reco rded  a t each  m ilking. F a t te s ts  w ere perfo rm ed  monthly.
A ll anim als w ere identified by neck chain tags, the num ber 
corresponding to the e a r  tattoo num ber given a t b irth . N ighttime 
identification was made by flood lights an d /o r spot light. The docility 
of the anim als fac ilita ted  identification.
C. MEASUREMENT OF ESTRUS
1. D uration of E s tru s
O bservations for e s tru s  were made a t 0600, 1200, 1800, and 
2400 hours, except during four seasonal 10-day periods when o b se rv a­
tions were made a t a l l  even hours. The 2-hour observations were made 
in o rder to determ ine the accu racy  of the 6 -hour checks on duration of 
e s tru s .  E ach  observation of e s tru s  was sco red  for in tensity  and r e ­
corded  on daily observation sh ee ts , along with the date, chain tag 
num ber of an im al, and pertinen t re m a rk s . These data w ere tra n s fe r re d
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to  individual cow sheets for sum m arization . Inform ation reco rded  on 
the individual cow sheets included the following: nam e, age, lactation 
num ber, date of calving or abortion, date and hour of onset and end of 
e s tru s , breeding inform ation, monthly milk and fat production, resu lts  
of pregnancy diagnosis, and ve terinary  trea tm en t.
E stru s  "expectancy 11 lis ts  were used  as an aid  in the detection of 
e s tru s . An an im al was placed on these lis ts  while in es tru s  and was 
"expected" to re tu rn  to  es tru s  a fte r a m inim um  of 16 days. Beginning 
a t  this tim e, these anim als were observed more closely  than usual for 
a period of 1 0  days.
2. Intensity of E s tru s
The in tensity  of es tru s  was sco red  each  tim e it was observed 
within each e s tru a l period . An a rb itra ry  score of "1" was given those 
periods during which sligh t but definite signs of e s tru s  were shown, 
such as a thin, c lea r , g lary , vaginal mucous d ischarge, nervousness, 
and an unusual in te re s t in herdm ates. F o r m ost intense periods with 
an in c reased  amount of vaginal d ischarge, considerable excitem ent, 
and mounting of other fem ales, a score  of "2" was given. A score of 
"3 " was given only when the anim al exhibited "standing" e s tru s , with 
or without the symptom s listed  for scores "1" an d ."2". It should be 
em phasized that standing when mounted was not considered an e ssen tia l 
sym ptom  of e s tru s . Anim als showing non'-standing es tru s  were palpated 
rec ta lly  for ovarian activ ity  and b red  if  in the ir serv ice  period . Service
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period  was defined as the in terval between 60 days postpartum  and con­
ception.
3« A nestrus
A nestrus was determ ined by the negative approach. E s tru a l cycles 
following the f ir s t  postpartum  es tru s  which were longer than "norm al" 
cycles and were multiples of "norm al" cycles were considered to include
anestrua l periods. The number of anestrua l periods within these long
observed length of cycle 
cycles was then determ ined by the form ula, N = expected length of cycle "
F or exam ple, if a cow showed es tru s  on January 5, 1957, was not bred , 
and re tu rned  to estru s 42 days la te r , she was considered to have been 
anestrus for one period.
D. BREEDING PRACTICES
A ll anim als were bred a rtific ia lly . The cows were insem inated 
during the es tru a l period nearest 60 days postpartum  (8 , 33, 50, 95, 110). 
The Je rsey  heifers were bred  during f ir s t  es tru s  after 15 months of age. 
Holstein and c ro ssb red  heifers were bred  the f ir s t  estru s after 17 months 
of age. Some attention was given to size of the heifers. A breeding 
recess  was observed during the months of July, August, and Septem ber, 
195 7. P regnancy diagnoses were made by rec ta l palpation from  45 to 75 
days following an apparent conception. 'P ro b lem " anim als were e x ­
am ined at this time by the herd veterinarian . Those e s tru a l periods 
which followed horm onal trea tm en t, abortion, and severe physiological
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dysfunction w ere excluded fro m  the data . H orm onal tre a tm e n t was used  
sparing ly  and only fo r cows which had not shown e s tru s  by 9 0  days p o s t­
p a rtu m  or had m issed  a t le a s t two e s tru a l periods and had nonfunctioning 
o v arie s . The horm ones used  w ere d ie th y ls tilb es te ro l, e s tra d io l and 
p ro g es te ro n e . Some of the p e rs is te n t co rpo ra  lutea in non-pregnan t 
cows w ere e x p re ssed  m anually by the v e te rin a ria n . A few of the rep ea t 
breed ing  cows w ere given in trau te rin e  infusions of s trep tom ycin  and 
pen icillin . The data of s te r i le  heife rs w ere rem oved  as recom m ended 
by B ranton e t a l . (19) and N orton (75).
E . MEASUREMENT OF OVULATION TIME
The 51 an im als on which ovulation tim e was determ ined  were 
se lec ted  m ore or le ss  a t  random  fro m  those cows and  he ife rs  exhibiting 
e s tru s  during ce rta in  w eekends. These an im als w ere palpated  re c ta lly  
a t tim e of insem ination  and a t 6 -hour in te rv a ls  u n til ovulation occu rred . 
The tim e of each  palpation was reco rd ed  for com parison  w ith its  con ­
te m p o ra ry  e s tru a l  period .
F . MEASURE MEN T OF THYROIDAL ACTIVITY
Blood sam ples for determ ination  of thy ro idal ac tiv ity  w ere taken 
fro m  the jugular vein of a to ta l of 26 of the cows a t m onthly in te rv a ls . 
T hese cows w ere being used  in a con tem porary  experim en t which was 
conducted by Johnston e_t a l . (56) to  ch a rac te riz e  the n o rm al p a tte rn s  of 
thy ro ida l ac tiv ity . T hyro idal ac tiv ity  was m easu red  in te rm s  of blood
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se ru m  protein.-bound iodine (PBI) according to the Hycel method as d e ­
sc rib ed  by M oran (71).
G. STATISTICAL ANALYSES OF THE DATA
A ll s ta tis tic a l analyses of the data w ere perfo rm ed  according to 
the mfethods of Snedecor (96), excepting the determ inations of the s ig n i­
ficance of mean d ifferences. The significance of mean differences was 
determ ined  by K ra m e r 's  (60) m odification of Duncan's multiple range 
te s t .
IV. RESULTS AND DISCUSSION
A. ESTRUS
1. D uration of E s tru s
Table 2 gives a  sum m ary  of average , m edian, m ode, range , and 
s tan d ard  deviation of the duration  of e s tru s  fo r 1,460 e s tru a l  cycles of 
2 70 an im als . The average duration  of 11.9 hours is about five hours 
sh o r te r  than m ost values re p o rte d  fro m  the tem pera te  a re a s  of the 
w orld  (4, 46, 62, 102, 103, 106) and ag rees  ra th e r  c lo se ly  w ith the 
lim ited  data from  the tro p ics  and sub trop ics (1, 2, 26, 41, 53, 74, 84,
10 7). T here a re  no data available other than tha t rep o rte d  here in  on the 
duration  of e s tru s  in cattle  in  the Gulf C oast a re a  of the United S ta tes .
It, th e re fo re , appears tha t environm ental fac to rs  in the tro p ics  and su b ­
tro p ics  have a depressing  effec t on the ex p ress io n  of e s tru s  in ca ttle . 
The im pact of these facts on breeding p rac tices  in so far as effic iency  of 
observation  of e s tru s ,  an es tru s  and tim ing of se rv ice  a re  concerned w ill 
be considered  la te r .
TABLE 2
D uration of e s tru s  in  the L .S .U . da iry  herd
T otal num ber of anim als 270
T o ta l e s tru a l  periods observed 1460
A verage duration  of e s tru s  ( h r . ) 11.9
M edian (h r. ) 1 2 . 0
Mode (h r .) 1 2 . 2
Standard  deviation (hi’.) 6 . 1
Range (h r .) 2 - 4 6
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Since the average dura tion  of e s tru s  obtained during a l l  of the 
2 -hour o bserva tiona l periods was e sse n tia lly  the sam e as tha t obtained 
by the 6 -hour o b serv a tio n s, these data w ere included in the su m m ary  
data given in  Table 2. In th is  connection, the average  dura tion  of 
e s tru s  fo r the 2  -hour o bserva tiona l periods was 1 1 . 8  h o u rs .
F re q u e n tly ;the question  of w hether or not th e re  is a  d iu rna l 
v a ria tio n  in  the onset of e s tru s  in d a iry  cows a r i s e s .  The re s u lts  su m ­
m a rized  in Table 3 show th a t some re la tio n sh ip  ex is ted  betw een tim e of 
day and  onset of e s t r u s .  F ifty -fo u r and e igh t ten ths per cen t of the e s tru a l  
periods w ere in itia ted  during the n ight (0600 and 2400 hours) as com pared  
w ith  45.2%  during the daytim e (1200 and 1800 hou rs). If under p ra c tic a l 
d a iry  fa rm  conditions it is no t deem ed feasib le  to include a m idnight ob ­
se rv a tio n a l p erio d , th ese  re su lts  em phasize  the im portance  of the e a r ly  
m orning o b serva tional p e rio d .
TABLE 3 
D iu rna l varia tion  in onset of e s tru s
H our D istribu tion  of e s tru a l  periods
observed________________________________________No.____________________ P e r  cent
0600 417 28 .6
1200 317 2 1 .7
1800 345 23.6
2400 381 26.1
T o ta l 1460 100.0
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Since approxim ately one-half of the e s tru a l periods were less than 
11,9 hours in duration, the question a r ise s  as to how often observations 
for e s tru s  should be made on a dairy  herd  under such environm ental 
conditions. The genera l p ractice in Louisiana and in the nation is to 
observe the cows at approxim ately 12-hour in te rv a ls . Usually this is 
a t the morning and night m ilkings. In order to secure some inform ation 
on this question, the data were sum m arized  as shown in Table 4. The 
19.9% increase  in efficiency due to the more intense observations suggests 
such procedure would be p rac tica l for the anim al b re e d e r . Under dairy  
fa rm  conditions, certa in ly , i t  would be p rac tica l to  make observations 
for e s tru s  at 0600, 1200 and 1800 hours. As will be noted in Table 4, 
this p ractice  would increase  the efficiency of observations 1 0 . 0 % over 
twice daily checks. Such an operational procedure would im prove b re e d ­
ing efficiency and thereby re su lt in a more economic operation of the 
dairy  herd .
TABLE 4 
Efficiency of observations for es tru s
Total e s tru a l P e r  cent
periods__________________ of to tal
Hour
observed
0600, 1200, 1800, 2400 
0 6 0 0 , 1 2 0 0 , 1800 




1 0 0 . 0  
9 0 . 0  
80.1
A lso included in the 1,460 e s tru a l periods shown in Table 2 
were 147 periods during which the anim als were not observed to "stand" 
when mounted by their herdm ates. The effects of nm-s tan ding es tru s  on 
the overall duration of estru s  a re  shown in Table 5. Although less 
in tense, such periods were longer than "standing " e s t ru s , as indicated 
by the effects of their rem oval. The im portan t thing to note in Table 5 
is that 1 0 . 1 % of the e s tru a l periods observed were not c lassified  as 
standing heat.
TABLE 5 
D uration of standing es tru s
T otal periods observed 1460
T otal standing 1313
T o ta l not standing 147
P ercentage e s tru a l periods not standing 1 0 . 1
Mean duration of standing e s tru s  (hr. ) 1 0 . 6
Standard deviation for standing es tru s  (h r .) 5 .7
Range (h r .} 2 - 4 6
R ectal palpation of the cows exhibiting non-standing e s tru s  r e ­
vealed that the vast m ajority  of them  had ovarian fo llicular development.
One hundred of these cows were b red , resu lting  in 45 pregnancies. Such 
breeding efficiency com pares favorably with the 46% breeding efficiency 
for a ll f i r s t  and second insem inations as shown in Table 11. These r e ­
sults confirm  those rep o rted  by T rim berger (104), who bred  cows during 
non-standing es tru s  as efficiently as those during standing e s tru s . Such
33
resu lts  a re  of p rac tica l significance to the dairym an if delay in time of 
breeding resu lts  in an economic loss due to untimely parturitions or 
undue lengthening of the calving in terval.
The relationships between age and duration of estru s  a re  su m ­
marized in Table 6 . It will be no ted  in Table 6  that the nulliparous 
heifers had significantly longer e s tru a l periods than did the parous 
an im als. The num bers of anim als involved in the Sindhi-Holstein group 
a re  so few that no justifiable conclusions can be drawn for this group, 
although they showed the same relationships as each of the other two 
b reeds. Such resu lts  as shown in Table 6  do not agree with most of 
the published resu lts  (46, 103, 105) in which the older anim als had longer 
e s tru a l periods. The discrepancy between the resu lts  reported  herein 
and those of previous investigators cannot be explained on the basis of 
any experim ental data obtained during this experim ent. However, it 
should be pointed out that m anagerial practices differed for nulliparous 
and parous anim als in this study. The lactating anim als could not be ob­
served  as carefully  for e s tru s  due to the fact that they were confined from  
two to three hours daily for grain  feeding and milking. A lso, the s tre ss  
of lactation under these environm ental conditions may have been a factor 
in decreasing the duration of e s tru s  among the parous anim als in this study.
Table 7 gives the monthly variations in duration of e s tru s . For 
the months of January through May data from  195 7 and 1958 a re  grouped 
for each month. As will be noted in Table 7, the means for duration of 
e stru s  during A pril and May were significantly lower (P < 0 . 01) than the
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TABLE 6  
D uration of e s tru s  by b reed  and age
Age
B reed
H olstein Je rse y Sindhi-Hoi. a Tot alb
N ulliparous h e ife rs 53 36 7 96
No. e s tru a l periods 235 146 36 417
Mean (h r.) 12. 7 13.2 15. 5 13. l c
Standard deviation 6 . 0 6 . 6 8.7 6 .4
Range ( h r . ) 2 - 2 6 2-31 6-36 2-36
1 - 4  lacta tion  cows 87 70 17 174
No. e s tru a l periods 400 317 72 789
Mean (hr. ) 1 0 . 6 11.7 13. 0 11.3
Standard deviation 5.5 5. 6 7 .4 5. 7
Range ( h r . ) 4-39 2-32 4-46 2-46
Aged cows 26 18 2 46
No. e s tru a l periods 133 109 1 2 254
M ean (h r .) 11.4 12.5 1 2 . 1 11.9
Standard deviation 5.5 7. 3 8 . 0 7 .2
Range ( h r . ) 6-30 4-40 6-24 4-40
Total:
No. cows and h e ife rs 151 95 24 270
No. e s tru a l periods 768 572 1 2 0 1460
Mean (h r. ) 11.4 1 2 . 2 13. 7 11.9
Standard deviation 5. 7 6 . 2 7.9 6 . 1
Range ( h r . ) 2-39 2-40 6-46 2-46
a l / 2  H o ls te in -1/2 Red Sindhi and 3/4  H o ls te in -1/4  Red Sindhi.
■ L
Some anim als appeared  in two age groups,
c S ta tistic  ally  d ifferen t fo rm  1 - 4  lac ta tion  cows a t 1% level of p robab ility , 
from  aged cows a t 5% level of probability .
^Cows with five or m o re  lac ta tions.
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means for September and D ecem ber. Other significant differences 
(P < 0 .0 5 ) a re  shown in this table. None of these significant differences 
reflected  a definite seasonal pattern .
TABLE 7












(h r.) (h r.) (h r.)
A pril 173 1 0 . 6 5.1 4-31
May 103 1 1 0 . 8 4.8 6-24
June 45 11.3 6 . 2 6  -46
F e b r . 203 11.4 5. 8 6-36
M ar. 208 11.4 5.6 6  -36
Aug. 6 6 1 1 . 6 5.9 2-32
July 55 11. 7 6.3 6-30
Nov. 87 11.9 6 . 2 45-40
Oct. 1 0 6 12.4 6 . 0 6-40
Jan. 103 1 1 2 . 8 6 . 8 2-39
Dec. 93 13. 7 7.2 6-30
Sept. 79 13.9 6 . 1 2-29
aDi£ferences tested  by K ram er's  (60) modification of Duncan's multiple 
range test.
^P robability  less than 1%.
cP robability  less than 5%.
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The explanation for the difference of 5. 0 to 7. 0 hours in duration 
of estru s  as reported  herein and by other investigators in the tropics 
and subtropics (1, 2, 26, 41, 53, 84, 107) is not readily  apparent.
None of the previous investigators in the trop ics and subtropics has 
made any attem pt to explain this discrepancy. The question can be 
ra ise d  as whether or not this resu lts  from  a d irec t or ind irect clim atic 
effect on the anim als. The author is aware of no published resu lts  of 
controlled experim ents involving the effects of clim ate on reproduction 
in the dairy  cow. However, controlled clim atic experim ents on the r e ­
production in the male bovine have revealed  that hot, humid conditions 
have deleterious effects on semen production (54, 58) which p e rs is t for 
some tim e after the s tre ss  is rem oved.
2. Postconception E stru s
Postconception estru s occurred  in 14.4% of the cows and r e p r e ­
sented 3.4% of a ll e s tru a l cycles. These resu lts  on percentage of 
e s tru a l cycles that occur after conception confirm  those of Branton (17) 
and E rb  et a l. (39). On the other hand, in reg a rd  to percentage of cows 
exhibiting post conception e s tru s , the resu lts  reported  herein  a re  con­
siderably  higher than those reported  by Donald (29) and Donoho (30).
This lack of agreem ent may be a ttribu ted  to differing lengths of ex p eri­
ments and num bers of observations on each anim al. The p rac tica l s ig n i­
ficance of postconception estrus as re la ted  to a rtif ic ia l insem ination was 
discussed previously.
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R ec ta l palpation of the cows exhibiting postconception e s tru s  r e ­
vealed  little  or no ovarian fo llicu la r a c tiv ity . Thus, i t  appears  tha t the 
explanation fo r postconception e s tru s  may be th a t such  e s tru a l periods 
a re  induced by p lacen ta l e s tro g e n s . Such e s tru a l  periods should be 
c la ss ified  as "false " h e a ts . These re su lts  em phasize the value of 
routine pregnancy diagnoses in  a dairy  herd .
3. Days to  F i r s t  P o s tp a rtu m  E s tru s
The average length of the in te rv a l to  f i r s t  po stp artu m  e s tru s  of 
38 .4  days as shown in Table 8  is  som ew hat sh o rte r  than m ost of the 
values p rev iously  re p o rte d  (24, 27, 39, 42, 49, 64, 112). M ost of these 
w orkers re p o rte d  a value of about 50 days. This lack  of ag reem en t b e ­
tween re su lts  rep o rte d  here in  and those of the prev ious investiga to rs  
may have been due to  d ifferen t frequencies of observations for e s tru s .  
A lso, in  th is experim en t some of the cows th a t exhibited an es tru s  for 
periods longer than 90 days w ere given horm onal tre a tm e n t. In other 
c a se s , w here the cause of an es tru s  was a p e rs is te n t corpus luteum , the 
h e rd  v e te rin a ria n  ex p ressed  this body. Such p rac tic e s  have not been 
followed by m ost of the previous in v estig a to rs .
TABLE 8
Days to f i r s t  p o stp a rtu m  e s tru s
T o ta l num ber of cows
A verage num ber of days to f i r s t  e s tru s  
S tandard  deviation (days)
Range (days)
38 .4




The rela tionships among the length of time fo r partu rition  to f irs t  
e s tru s , breeding p rac tices , breeding efficiency, and level of m ilk p ro ­
duction w ill be d iscussed  la te r .
B. ESTRUAL CYCLE
Figure 1 p resen ts  the sum m ary of a ll of the data on e s tru a l cycle 
length. It w ill be noted that 69.3% of the e s tru a l cycles were in the 16 
through 24 dfety range. Thus, a ll cycles ranging from  16 through 24 days 
in length were c lassified  em perically  as "norm al" within this experim ent. 
The mean of 20. 7 days for the ’h o rm al"  e s tru a l cycles closely  app rox i­
m ated the mean for a ll e s tru a l cycles shown in F igure 1. E s tru a l cycles 
of approxim ately  40 and 60 days were considered to be m ultiples of 
"norm al" cycles which were not observed. F a ilu re  of observation may 
have been due to short e s tru a l periods, e s tru a l periods of low in tensity , 
or to "silen t"  e s tru s . Those cycles from  2 through 15 days were thought 
to be the re su lts  of cystic ovarian conditions and /o r lack  of no rm al cyclic 
behavior shortly  a fte r calving. However, a ll known cases of cycles 
affected by cystic ovaries were rem oved from  the data. It was noted 
during the course of this study that most of these short cycles occurred
soon afte r calving. The fe rtility  following such cycles will be considered 
la te r .
The mode of 21 days for the n o rm al e s tru a l cycles as shown in 
F igure 1 agree with the modal values of 21 and 22 days rep o rted  by other 
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CYCLE LENGTH IN DAYS 
FIGURE 2 . E s tru a l cycle leng th  following in f e r t i l e  serv ice of h e ife rs  and cows
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does not agree with the means g rea te r than 30 days repo rted  by these 
sam e w orkers. This difference was apparently  due to the husbandry 
p rac tices  within this experim ent which prevented ex tra  long e s tru a l 
cy c les»
The effects of age on the length of "norm al" e s tru a l cycles a re  
sum m arized  in Table 9. A significant difference (P < 0 .0 5 )  was found 
between the mean for nulliparous anim als and the mean for cows with 
1 to 4 lactations. The modal value of 21 days for heifers as com pared 
with a modal value of 2 2  days for cows agrees with m ost previous r e ­
ports (5, 11).
TABLE 9






Number of cycles 227 3 70 1 1 2 709
Mean length (days) 2 0 . 4C 20.9 20. 7 20. 7
Modal c lass (days) 2 0 2 1 2 1 2 1
Standard deviation 2 . 0 2. 7 2.3 2 . 1
cLE s tru a l cycles 16 -  24 days in length.
^Age was partitioned  and designated as follows:
A - nulliparous anim als (heifers).
B - cows with 1 - 4  lacta tions.
C - cows with 5 or m ore lactations. 
cSignificantly different (P < 0 .0 5 ) from  cows with 1 - 4  lacta tions.
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The average length  of e s tru a l  cycles following in fe rtile  se rv ice  
is shown in F igure  2. The m ean of 25.0  days for such  cycles does not 
ag ree  w ith the m eans of 35 to 42 days rep o rte d  by some w orkers (25,
57, 76). V ibrio fetus and consequent em bryonic m o rta lity  was thought 
by K eirn  (57) to  have con tribu ted  som ew hat to the 42, 0 day m ean for 
e s tru a l cycles in  the Oklahom a State U niversity  dairy  h e rd . E rb  e t a l. 
(3 7) re p o rte d  th a t cows re tu rn ing  in e s tru s  a fte r  b reeding  (serv ice  
cycles) genera lly  showed ir re g u la r  longer cycles than unbred  cows 
(non-serv ice  cyc les). They observed  that 60. 0% of the n o n -serv ice  
cycles w ere 18 - 25 days in  length as com pared  w ith 47.0%  for se rv ice  
cyc les . This difference was a ttr ib u te d  la rg e ly  to e a r ly  em bryonic 
m o rta lity . E m bryonic m orta lity  is considered  by some investiga to rs 
(99, 100) to  be the p rincip le  cause of ir re g u la r  e s tru a l  cy c les . If such 
a y a rd s tick  is a valid  m e asu re  of em bryonic m o rta lity , little  o ccu rred  
during the experim en t rep o rte d  h e re in . When the re su lts  as shown in 
F ig u res  i  and 2 a re  com pared , it ap p ears  th a t in fe rtile  se rv ice s  had 
little  or no effect on the length of e s tru a l cycles in  th is study.
C. TIME OF OVULATION
The average tim e of ovulation for 51 an im als was 12.4  hours 
a fte r  the end of e s tru s  as  shown in Table 10. This average tim e is in 
close ag reem en t w ith m ost re su lts  re p o rte d  fro m  tem pera te  (4, 20, 45, 
48, 52, 59, 62, 6 8 , 73, 102, 103, 104, 105, 106) and tro p ic a l a re a s  of 
the w orld  (41). H owever, i t  should be em phasized  tha t a l l  published
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re su lts  as w ell as those rep o rte d  here in  were based  on lim ited  num bers of 
anim als and palpations. Methodology may a lso  have introduced bias since 
copulation (6 8 ) and, p resum ably , stim ulation  from  frequent palpation, 
hastens ovulation. C onversely, sensitiv ity  of m easurem ent is lost if 
palpation in te rv a ls  a re  long. Slaughter data (41) should be quite accura te  
but is lim ited  by its  te rm in a l nature and expense.
TABLE 10 






Number of ovulations 1 2 31 8 51
Av. tim e to ovulation 1 0 . 8 1 2 . 8 13.4 12.4
Standard deviation (h r. ) 4 .6 3 .4 6 . 0 4 .2
Range (h r .) 3-18 5-18 6-24 3-24
a C alculated from  end of e s tru s . 
b;fbid ., Table 9.
D. FACTORS AFFECTING BREEDING EFFICIENCY
F e rti li ty  is a very  com plex phenomenon which is influenced by 
many fa c to rs . F e r ti l i ty  herein  is defined as diagnosed pregnancies a t 
45 to  75 days following se rv ice . The m easu res of fe r tility  used  were 
se rv ice s  p e r pregnancy and percentages of cows and heifers becoming 
pregnan t to f i r s t  and second se rv ic e s . F e r ti l i ty  is considered  as a com ­
ponent of breeding efficiency. Among the fac to rs  which should be con­
s id e red  as affecting the level of fe r tility  a re  duration of e s tru s , e s tru a l
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cycle length, ovulation tim e, and tim ing of se rv ic e . This is assum ing 
tha t the sperm atozoa used  for insem ination  a re  fe rtile  and a re  capable 
of reach ing  the ovum. O ther fac to rs  which may have an influence on 
breeding  efficiency a re  age of fem ale , level of m ilk production, a n e s tru s , 
seasonality  of b reeding  and thy ro ida l ac tiv ity .
1. Timing of Service
Tim ing of se rv ice  should be considered  along w ith onset and 
duration  of e s tru s  and tim e of ovulation. The effects of tim e of in ­
sem ination  on level of fe r ti l i ty  a re  su m m arized  in Table 11. It should 
be em phasized  that, as pointed out by E rb  and Holtz (38) , p u reb red  herd  
data such as rep o rte d  here in  can be expected to show low er effic iencies 
than the average herd , because g re a te r  em phasis is p laced  on progeny 
fro m  favored  brood cows and outstanding proved  bulls and the owner can 
affo rd  to r e ta in  an im als longer than the average dairym an, even though 
fe r tility  is very  low. The o vera ll fe r tility  value of 46% given in  Table 11
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seem s low when com pared  w ith 70% for 60- to 9 0 -day nonretu rns to f i r s t  
se rv ice  cows b red  a r tif ic ia lly  throughout the nation . H owever, one should 
rem em b er that late re tu rn s  to s e rv ic e , death  of cow a fte r  b reed ing , 
s laugh ter a fte r  a late re tu rn , and rep ea t se rv ice s  a re  not considered  in
these  a r t i f ic ia l  b reeding data . Such data a re  hard ly  app ropria te  fo r d irec t 
com parison  w ith the fe r ti lity  re p o rte d  h e re in . On the other hand, the 
value of 46% pregnancies to f i r s t  and second se rv ice s  ag rees  c losely  with 
the value of 50% for c lin ica lly  n o rm al cows and heife rs  as re p o rte d  by
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E rb  and Hoitz (38)q A lso , H olt (51) has rep o rted  that 70% 60- to 90-day 
non re tu rn s  re su lte d  in only about 50% actual calv ings. Olds and Seath 
(76) rep o rte d  39. 0% pregnancies from  se rv ice s  to 278 p u reb red  cows.
TABLE 11
R elationships among tim e of b reed ing , age and ra te  of pregnancy
Hour of 
breeding Agea Services^* P r  e gnan c y'*'
(no. ) (%)
A 3 33
0 - 6 B 7 14
C 0 _ _
Total for a ll ages 1 0 2 0 d
A 35 60
7 - 1 2 B 69 57
C 14 36
Total for a ll ages 118 55d
A 44 39
13 - 18 B 104 51
C 28 36
Total for a ll ages 176 46
A 32 47
19 - 24 B 6 2 31
C 19 47




Total fo r a ll hours and ages . 417 46
aAge was p artitio n ed  and designated  as follows: A - nu lliparous an im als 
(heifers); B - cows with 1 - 4  lac ta tions; C - cows with 5 or m ore  
lac ta tio n s .
^ F ir s t  and second se rv ic e s .
cP regnancy  determ ined  by re c ta l  palpation .
^Confidence lim its  outside of group m ean a t 10% level of p robab ility . 
eConfidence lim its  outside of group m ean a t 20% lev e l of p robab ility . 
Subclass confidence lim it ?■ m ean ^  0.01 o r 0. 05 / p ( l - j i )
v — = —
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Table 11 p re se n ts  the re la tionsh ip  betw eel level of fe r tility  and 
tim e of se rv ice . As w ill be noted, the h ighest fe r tility  was obtained for 
insem inations m ade from  7 - 1 2  ho\irs a fte r  the onset of e s tru s . This 
range re p re se n te d  the period  from  the m iddle to the end of e s tru a l periods 
in th is study. The next h ighest fe r t i l i ty  period  (13 - 18 hours a fte r the 
onset ofL e s tru s )  was from  0 - 6  hours a fte r the end of e s tru s . The levels  
of s ta tis tic a l significance a re  given on these tim es of se rv ice  in Table 11. 
These tren d s  in fe r tility  ag ree  favorable with those rep o rted  by A sdell 
(9), B a r re t t  et a l. (13), T rim b erg e r (103), and T rim b erg er and Davis 
(105). When the tim e of ovulation as rep o rted  h e re in  is  considered  
along with tim ing of se rv ice , th e re  apparen tly  is  an optim um  tim e for 
insem ination . This optim um  tim e for insem ination  is  from  the m iddle 
to the end of the e s tru a l p eriod  as indicated  by the data sum m arized  in 
Table 11 and as recom m ended by various in v estig a to rs  (9, 14, 46, 62, 93, 
103, 105, 108). H ow ever, i t  should be pointed out tha t the sh o rte r  
e s tru a l period  as rep o rte d  h e re in  m akes th is optim um  in te rv a l occur 
at 7  -  1 2  hours a fte r the onset of hea t in stead  of 8  - 18 hours as  r e ­
p o rted  fo r the tem p era te  a re a s .  Consequently, th e re  appears to be a 
sh o rte r  in te rv a l of tim e for optim um  fe r ti li ty  under environm ental con­
ditions of the tro p ic s  and sub trop ics as com pared  with the situation  in 
the tem p era te  a re a s  of the w orld . H ow ever, m o re  re s e a rc h  is  needed 
on the re la tionsh ip  between tim e of se rv ice  and fe r tility  of ca ttle  in the 
tro p ics  and sub trop ics before any specific p ra c tic a l recom m endations 
can be m ade to a r tif ic ia l b reeding technicians and dairym en.
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C onversely, the re su lts  shown in Table 11 a re  con trad icto ry  to  
those rep o rted  by A schbacher (4), Olds and Seath (78) and P a tr ic k  and 
H erm an (81), who found no variation  in fe rtility  due to tim e of se rv ice . 
Such divergent re su lts  possibly  can be explained on the basis  of v a r ia ­
tions in duration of e s tru s , num bers of insem inations, and accuracy  
of observation for e s tru s  w ith re fe ren ce  to onset of e s tru s .
2. E s tru a l Cycle Length
The rela tionsh ip  between e s tru a l cycle lengths and levels of 
fe r tility  is p resen ted  in Table 12. The fe r tility  fo r insem inations or 
se rv ices  made following 7 - 1 6  day nonservice e s tru a l cycles was s ig n i­
ficantly  lower (P < 0 .0 5 )  than the average fe r tility  of 51% for a ll  cyc les. 
When the effects of tim e of se rv ice  was held constant, the p a r tia l c o r r e ­
lation coefficient between e s tru a l cycle length and fe r tility  (per cent 
pregnancies) was 0 .18 . This co rre la tio n  was highly significant (P < 0 .  01) 
w ith 301 degrees of freedom . It was believed  tha t the fe r tility  of se rv ices  
following the 7  - 16 day nonserv ice cycles accounted for some of this r e ­
lationship . Such re su lts  com pare favorably with those of E rb  and E h lers  
(36), Qlds and Seath (76) and T rim b erg e r (104). F ro m  these data and 
those of other re s e a rc h e rs  (36, 76, 104) th e re  appears to be no p rac tica l 
reaso n  fo r delaying se rv ice  because of e s tru a l cycle ir re g u la r ity , if the 
cow is otherw ise no rm al and the cycle is a t  le a s t 17 days in length. 
T rim b erg er (104) recom m ends withholding se rv ice  to cows w ith e s tru a l 
cycles le ss  than 18 days in  length.
T A B L E  12
Levels of fe rtility  following e s tru a l cycles of varying lengths
E s tru a l
in te rv a l
N onservice cycles Service cycles
Service sa Conceived S erv ices*3 Conceived
(days) (no. ) (%) (n o .) { % )
7-16 9 l l c 6 17
17-19 19 53 15 33
2 0 - 2 2 77 49 59 51
23-25 30 57 2 6 42
26-28 2 50 8 62
29-31 4 25 4 25
32-34 4 75 4 25
35-37 3 33 2 50
38-40 8 37 9 44
41-43 8 6 2 3 33
over 43 1 2 67 8 62
Totals 176 51 144 45
aF i r s t  se rv ice s .
^Second se rv ice s .
cConfidence lim its  outside of group mean a t 5% level of probability . Sub­
class confidence lim it calculated by method shown in Table 11.
3. Age of Fem ale
Age was apparently  a source of considerable varia tion  in the 
fe rtility  data shown in Table 11. Services per pregnancy were d irec tly  
assoc ia ted  (P < 0 . 01) with increasing  age as shown in Table 13, which 
ag rees  w ell w ith the re su lts  of the m ajority  of the investigators (19, 34,
38, 49, 67, 69, 70, 81, 103). Although the oldest age group was much 
sm alle r than e ither of the other two groups, its low fe rtility  undoubtedly 
contributed to the size of the p a r tia l co rre la tion  coefficient ( ^ ^ 4 . 2  ~  0 *2 6 ). 
This group of old cows consisted  la rge ly  of high producing brood cows ranging
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fro m  8 - 1 3  years of age. E rb  and Holtz (38) found that such aged cows 
in the Carnation Milk F a r  msM herd  of Holsteins were significantly lower 
in fe rtility  than younger cows and h e ife rs. The re su lts  rep o rte r herein 
ag ree  with these findings .
TABLE 13
Coefficients of co rre la tion  between days to f i r s t  e s tru s  (X j),
milk production (X2 ), age (X3 ), and serv ices per pregnancy (X4 )
Z ero  order co rre la tion  coefficients
x i x 3
* 1 --
X 2 0 . 2 2 **
X3 0.19* 0.34**
X4 0 . 0 0  0 . 1 2  0 . 2 9 **
(140 degrees of freedom )
F ir s t  o rder co rre la tion  coefficients
r.23,4 = 0 , 3 2 % % r 12.3 = ° ‘ 18*
r^^  2  — 0.26** r 1 3 .2  = 0-14
r 2 4 .3 = ° * 0 3
(139 degrees of freedom)
**Indicates significance a t 1 % level of probability . 
* Indicates significance a t 5% level of probability .
4. Level of M ilk P roduction
T here was no significant re la tionsh ip  between the level of milk 
production (4% fat co rrec ted  milk) during the f i r s t  120 days of the 
lactation  and fe r tility  as shown by the co rre la tio n  coefficients in 
Table 13. F ro m  these re su lts  i t  appears tha t the level of milk p roduc­
tion had little  effect on fe r tility  as m easured  in  te rm s of se rv ices  per 
pregnancy. These re su lts  a re  in ag reem ent w ith those of C u rrie  (28), 
whose work Nalbandov (72) considered  to be the only piece of evidence 
w orthy of note in the li te ra tu re  because of s ta tis tic a l techniques e m ­
ployed and num bers of an im als involved, and with those of C arm an (24).
Level of m ilk production had a significant effect on the num ber 
of days to f i r s t  postpartum  e s tru s  as shown in Table 13 and Table 14. 
However, i t  w ill be noted in Table 13 tha t age of cow a t calving is c losely  
re la ted  to level of m ilk production. When the effects of age a re  held 
constant, the re la tionsh ip  between level of production and days to f i r s t  
postpartum  e s tru s  is low ered (^-j2 = 0 - ^  T \ Z  3 = 0 .18 ). The cows 
producing over 4,200 pounds of m ilk during the f i r s t  120 days of the 
lactation  as shown in Table 14 a re  of p a rticu la r in te re s t since the average 
tim e to f i r s t  postpartum  e s tru s  was in c re a sed  m arkedly  a t these levels of 
production. These re su lts  confirm  those of sev e ra l w orkers (24, 27, 77), 
but a re  con trad icto ry  to these of other investigato rs (16, 49). A ssum ing 
that th e re  is a  re a l  re la tionsh ip  between level of production and days to 
f i r s t  postpartum  e s tru s , this im plies that the high stim ulus and s tre s s  of 
lactation  cause a delay in  tim e to f i r s t  postpartum  e s tru s . Thus, high
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producing cows should be observed very closely for estru s  from  50 to 75 
days after calving. If the cows do not re tu rn  to es tru s  during this period, 
corrective m easures should be made.
TABLE 14
Relationship between level of production3- and f i r s t  postpartum  estru s
Level of 
production Cows
Av. time to f ir s t  
postpartum  estru s






av. 33 06 Total 142 av. 3 7. 6
a4% fat co rrec ted  milk produced during the f i r s t  120 days of the lactation.
5. F ir s t  P ostpartum  E strus
The general recom m ended practice in both natu ra l and a rtific ia l 
breeding is to breed cows 60 to 90 days postpartum  for optimum fertility  
(6, 8, 9, 33, 50, 95). This recom m endation does not take into considera­
tion whether or not this is the f i r s t  postpartum  e s tru s . in order to obtain 
some inform ation on the fe rtility  of f i r s t  postpartum  e s tru a l periods, 
data on 85 cows were analyzed. It was found that 42% of the insem inations 
made a t f i r s t  postpartum  estru s  resu lted  in pregnancy. A ll of these in ­
sem inations were a t le a s t 60 days postpartum . This level of fe rtility  
ag rees well with the 46% overall fe rtility  value obtained in this study.
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Thus, i t  appears tha t the recom m endations fo r breeding 60 to 90 days 
posipartum  is valid  reg a rd le ss  of whether or not it is a t f i r s t  postpartum  
e s t r u s .
6. A nestrus
A nestrus studied in this investigation was of the "c lin ica l"  type 
which included a l l  anim als not observed in beat a t  the expected tim e. 
T h ere fo re , an es tru s  due to lack of ovarian activ ity  or to the lack  of 
sufficient ex te rn a l m anifestations to  be observable w ere included. As 
pointed out e a r l ie r ,  such an estru s  constitu tes one of the m ajor breeding 
problem s in Louisiana (18, 63).
The incidence of "clin ical"  anestru s  is p resen ted  in Table 15.
As may be seen  in this tab le , an estru s  was a p rob lem  in this herd  
during the experim en ta l period , despite the fo u r-tim es-a -d ay  o b se rv a­
tions. Various fac to rs  undoubtedly contributed to  the high incidence of 
an es tru a l anim als in  this study. These fac to rs w ere: (a) the length of 
the experim en ta l period , (b) e s tru a l periods of very  sh o rt duration 
an d /o r (c) low in tensity  of e s tru s .  Due to the fact tha t the experim en ta l 
period  was 17 months in length, a large portion of the cows had two r e ­
productive p eriods. This gave m ore opportunity for a  cow to become 
an estru s  if she w ere subject to the sam e than if she had been observed 
only one reproductive period . Some anim als had e s tru a l periods of such 
sh o rt duration (less than six  hours) tha t they w ere not observed  in e s tru s , 
and thus w ere c lassified  as an e s tru a l an im als . However, th is m ust have
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been, a v e ry  sm all frac tion  of the anim als since the m ean duration of 
e s tru s  for observational periods made a t  6 -hour in te rva ls  was 11.9 hours 
as com pared with a mean of 11.8 hours for the observational periods 
made a t  2 -hour in te rv a ls . The s tandard  deviations w ere 6 .1  and 5. 6 hours, 
resp ec tiv e ly . Since the anim als v a ried  in in tensity  of e s tru s  as shown by 
the fac t tha t non-standing e s tru a l periods rep re sen ted  10.1% of a ll e s tru a l 
p eriods, no doubt there w ere some anim als tha t exhibited "silen t"  e s tru s .
TABLE 15
Incidence of an estru s  by cows, b re e d s , and e s tru a l in tervals
B reed





No. P e r  cent No P e r  cent
H olstein 151 52 34.4 768 82 10. 7
Je rse y 95 31 32.6 572 57 10.0
Sindhi -H olstein 24 1_0 41 .7 120 16_ 13.3
Totals 270 93 34.4 1460 155 10.6
The value of 34.4% for a n e s tru a l cows as shown in Table 15 is 
som ew hat higher than m ost of the values rep o rted  in the lite ra tu re  (19,
42, 59, 104). C om parison of the incidence of an es tru s  found among the 
an im als in  this experim ent w ith tha t rep o rte d  by these investiga to rs  is 
difficult due to the heterogenous methodology em ployed.
As shown in Table 15, 10.6% of the e s tru a l periods w ere an estru s  
as determ ined  by calculation . This value is  lower than the 18.6% "silen t"  
e s tru s  value rep o rte d  by T rim b erg er (104). H owever, he found that his
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18.6% value was broken down as follows in regard  to causes: (a) 8.8% 
silent e s tru s , (b) 15.2% persis ten t corpora lutea and (c) 3.6% smooth, 
nonfunctional ovaries. He determ ined these conditions by routine 
ovarian palpation of 200 cows over a four-year period. Such anestrual 
in tervals as reported  herein  and by T rim berger (104) constitute a 
m anagerial problem . If a cow is bred  and does not conceive but be­
comes anestrus for an extended period of tim e, she is often considered 
to be pregnant in herds where routine pregnancy diagnoses a re  not being 
done. In cases where anestrus causes irreg u la r es tru a l cycles following 
breeding, v ibriosis is often suspected as being p resen t.
The causes of anestrus a re  many and varied . Asdell (10) ra ise s  
the question whether or not "silen t” heats a re  due to low sensitivity to 
estrogens or to their low output. Other w orkers including Andrews (3), 
Schindler (91, 92) and Yolcani (111) have suggested that hot, humid 
clim atic conditions may be re la ted  to this problem . These w orkers 
had in mind the in terrelationships among the horm onal activ ities of the 
p itu itary , thyroid and gonads. It has often been suggested that nutrition 
plays a role in the incidence of anestrus in ca ttle . However, the only 
nutrients which have been definitely re la ted  to ovarian activity  a re  
phosphorus and vitam in A (9). F u rtherm ore , as em phasized by 
Hammond (45), reproduction has a very high p rio rity  in the animal 
body. T herefore, it is  doubtful that nutrition was a cause of anestrus 
in this experim ent since the cows w ere fed balanced ra tions. The f r e ­
quency and efficiency of observations for e s tru s  in the average dairy
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h e rd  have an im portan t bearing  on the incidence of c lin ica l an es tru s  
as pointed out e a r l ie r  h e re in  in connection with efficiency of o b se rv a ­
tio n s. The incidence of c lin ica l an es tru a l in te rv a ls  in th is study would 
have been in c re a sed  from  10. 6% to 30. 5% if observations for e s tru s  had 
been m ade tw ice daily  as is  genera lly  p rac tic ed  by m ost dairym en. 
T h ere fo re , it appears  that approxim ately  tw o-th ird s of the so -ca lled  
c lin ica l an es tru s  in d a iry  h e rd s  in L ouisiana m ay be due to m an ag eria l 
p ra c tic e s  involving frequency of observations for e s tru s . It should be 
em phasized that c lin ica l an es tru s  includes both physio logical an es tru s  
and an es tru s  due to m an ag eria l p ra c tic e s .
7. Season
The effects of season on fe r tility  in these  data w ere im possib le  
to evaluate fo r se v e ra l reaso n s  o ther than the inheren t in tangib ility  of 
season  itse lf . These reaso n s  w ere: (a) a breeding re c e s s  during the
sum m er of 1957 p reven ted  the accruem en t of fe r ti l i ty  data during th is 
p e rio d , (b) m an ag eria l p ra c tic e s  caused the m a jo rity  of the p a rtu ritio n s  
to occur during the fa ll m onths, with a prepondence of the e s tru a l data 
accum ulating during the w inter and spring . In view of these  fac ts , the 
effects of season  on the cow w ill be d iscu ssed  in connection with thyro idal 
activ ity .
8. Thyroidal A ctivity
The average m onthly p ro tein-bound iodine (PBI) values fo r 26
of the 270 experim ental cows for the period  of M arch - Decem ber 1957 
a re  given in Table 16 along with tem peratu re  and dew point data. It will
t
be noted that the monthly variations in PBI values closely  p ara lle led  the 
variations in the clim atic data. PBI levels declined from  a high of 8. 8 
m eg. % in A pril to a low of 3. 8 mcg.% in August. It is  of special in te re s t 
that during the months of June, July, August and Septem ber, which a re  
m onths of g rea te r clim atic s tre s s  on the anim al, PBI values w ere lower 
than they w ere during the cooler m onths. Such trends in thyroidal 
activ ity  a re  in agreem ent with those repo rted  from  dairy  bulls by Griffith
(44) at this station and by Volcani (111) in Is ra e l.
Since Spielman et a l. (97) repo rted  a lack of physical m an ifesta ­
tion of e s tru s  in the thyroidectom ized bovine, and since Reineke and 
Soliman (86) have repo rted  that there  is apparently  a rec ip ro ca l balance 
between the thyroid, ovary and the p itu ita ry , one would suspect that de­
p re ssed  thyroidal activ ity  would lead to an inc reased  incidence of 
an es tru s , provided that thyroidal activ ity  is low enough. However, 
there  is no controlled experim ental evidence on c ritic a l levels of 
thyroidal activ ity  for the expression of e s tru s  and optimum fe rtility  in 
cattle  under the conditions of this study. Since there  was no apparent 
seasonality  of anestrus during the course of this experim ent, it would 
appear that thyroidal activity  by itse lf  had no seasonal rela tionship  with 
the incidence of an es tru s . However, it should be em phasized that the 
expression  of e s tru s  in cattle  is a very  complex phychological and
TABiiE 16
The relationship between mean monthly PBI levels for 1957 and certain weather data
Month


















(mcg.%) (mcg.%) (°F .) (°F .) (°F .) (°F .) (%)
March 8.4 2.3 50 71 0 ~  — -  _ — «.
April 8.8 0.8 59 79 0 55 11.0 4.3
May 7. 3 1.2 \ 66 86 10 63 7.0 18.2
June 5.8 1.0 72 90 19 70 4.1 69.1
July 4.2 1.1 74 94 29 72 2.7 88.0
Aug. 3.8 0.6 72 92 27 72 3.2 81.8
Sept. 4.8 0.7 68 84 9 66 7.1 40.8
Oct. 4.9 1.2 54 76 0 55 12.1 8.8
Nov. 6.6 0.9 51 70 0 - -
Dec. 8.0 1.0 43 67 0 - — - - - -
aPBI values from  Johnston et al. {56).
^Tem perature data for 1957 for Baton Rouge, L a ., U. S. Weather Bureau.
cDew point data (1950-54 averages) from Johnston et al. (55).
d 4>Standard deviations should be preceded by _ .
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physiological p ro c e ss  dependent upon the in te rp lay  of the various en­
docrine glands, espec ia lly  the thyro id , ovary , p itu ita ry  and the adrenalo 
These g lands, functioning in  the hom ostatic  m echan ism s of the body, 
m ay  p reven t a m easu rab le  response  by the anim al to any of the changes 
in environm ent.
Although no seasonal tren d s  in fe r t i l i ty  w ere obtained in th is ex­
p e rim en t, sev e ra l w orkers  (44, 75, 81, 82) have rep o rte d  a sum m er 
slump in fe r ti l i ty  in L ouisiana and have suggested that p erhaps thyroidal 
ac tiv ity  plays a ro le  in fe r ti l i ty  since hot, humid conditions w ere shown 
to d ep ress  thyro idal ac tiv ity . H ow ever, none of these  w orkers w ere 
able to sep ara te  the m ale  and fem ale com ponents of fe r ti l i ty  o r to e s ­
tab lish  a definite cause and effect re la tionsh ip  between fe r t i l i ty  and 
thyro idal activ ity . N ev e rth e le ss , they w ere of the opinion that seasonal 
v a ria tio n  in fe r ti l i ty  in a r tif ic ia l b reeding  due to the bull a re  held  to a 
m inim um  by the rig id  quality  s tandards for sem en. This suggests tha t 
the m ajo r po rtion  of the seasonal varia tion  in fe r ti l i ty  is due to the cow. 
H ow ever, re s e a rc h  is  needed to elucidate th is point. P o ssib ly  the use 
of frozen  sem en co llected  during one season and used  a c ro ss  a ll seasons 
would give in form ation  on the cow component in the seasonal varia tions 
in fe r ti lity .
It has been shown that such c lim atic  conditions as those in 
Table 16 fo r Baton Rouge, L ou isiana, p a r tic u la r ly  those existing  from  
June - A ugust, p lace considerab le  s tre s s  on d a iry  an im als of the
European b reed s (3, 21, 3 1 ,  44, 54, 55, 58). The im portan t aspects in 
c lim ate in reg a rd  to s tre s s  w ere high environm ental tem p era tu re s  a c ­
com panied by high absolute hum id ities. These conditions a re  m uch 
m ore  pronounced in the Gulf Coast a re a  than in the tem perate  a rea s  
as  shown by the work of Johnston et aL (55). In fact, these w orkers 
rep o rted  that c lim atic  conditions during June - August a t F ayettev ille , 
A rkansas, a re  quite d ifferent from  those in Baton Rouge, Louisiana, 
especially  for percentage of tim e that the dew point tem pera tu re  is 
above 70° F . F o r exam ple, in August dew point tem p era tu re  exceeds 
70° F . 81. 8% of the tim e in Baton Rouge as com pared with only 21. 5% 
of the tim e in F ayettev ille . The sam e trends existed  for w eather 
stations fa rth e r inland. Consequently, the question can be ra ise d  as 
to w hether or not such clim atic  conditions as those prevailing  over a 
period  of five m onths (May - Septem ber) each year in Baton Rouge, 
L ouisiana, have a depressing  effect on the duration of e s tru s . P erhaps 
environm ental conditions such as these cause d a iry  anim als to rem ain  
in e s tru s  some five hours le ss  than do da iry  anim als of the sam e b reeds 
in the tem pera te  a re a s  of the w orld. In o rd er to reso lve  th is im portan t 
and pertinen t question additional re se a rc h  is  needed on the im portance 
of feeding and m anagem ent p ra c tic e s , p a ra s ite s , d ise a se s , thyroidal 
activ ity , and such clim atic  fac to rs  as rad ia tion , tem p era tu re , hum idity 
and daylight on the reproductive p ro cesses  in the da iry  cow.
V . SUM M ARY AND CO N CLU SIO N S
In o rd e r to determ ine the c h a ra c te r is tic s  of e s tru a l periods and 
cycles and to in te rre la te  duration  of e s tru s , e s tru a l cyc les , ovulation 
tim e , level of production, age of cow, thyro idal activ ity , an es tru s  and 
fe rtility  of d a iry  ca ttle , a to tal of 270 cows and h e ife rs  including 151 
H olste ins, 95 J e rs e y s , and 24 Red Sindhi-H olstein c ro ssb re d s  in the 
Louisiana State U niversity  da iry  herd  w ere studied during the 17-month 
period  between January  1, 1957 and May 31, 1958. O bservations for 
e s tru s  w ere m ade every  six hours except during four 10-day seasonal 
periods when observations w ere m ade every  two h o u rs . Time of ovula­
tion was determ ined  by re c ta l palpation of a random ly selec ted  group of 
51 of these an im als. Thyroidal activ ity  was m easu red  in te rm s  of blood 
serum  protein-bound iodine levels (PBI). C linical anestru s  was d e te r ­
m ined by the d ifference between the th eo re tica lly  expected and the ob­
served  e s tru a l p erio d s . F e r ti l i ty  was m easu red  in te rm s  of percen tages 
of diagnosed p regnancies to f i r s t  and second se rv ice s .
It was found that the m ean duration of e s tru s  was llo 9  hours. 
N on-standing e s tru s  was observed  in 10.1% of 1,460 e s tru a l p e rio d s . 
H eifers had significantly  longer e s tru a l periods than cows. E s tru s  after 
conception was exhibited by 14.4% of the anim als and involved 3.4% of the 
e s tru a l p eriods. The average tim e to f i r s t  postpartum  e s tru s  for 169? 
cows was 38.4  days.
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The m odal length of the e s tru a l cycles was 21 days for cows and 
20 days for h e ife rs . In fertile  se rv ices  had no effect on the modal length 
of e s tru a l cycles. A to ta l of 69.3% of the e s tru a l cycles w ere included 
in the range of 16 - 24 days.
The average tim e of ovulation was 12.4 hours a fte r the end of 
e s tru s  and in c reased  with age.
Level of m ilk  production was significantly co rre la ted  with tim e 
to f i r s t  postpartum  e s tru s  when the effects of age w ere held constant 
(r = 0 .18). No association  was found between level of m ilk  production 
and fe rtility .
A nim als b red  7 - 1 2  hours a fte r the onset of e s tru s  had the 
h ighest fe r tility . Breeding from  0 - 6  hours after the onset of e s tru s  
gave the low est fe rtility . The period  7 - 1 2  hours a fte r the onset of 
e s tru s  rep resen ted  the m iddle to the end of the e s tru a l period . A highly 
significant co rre la tio n  (r Z  0. 26) was found between age of anim al and 
fe r tility  when the level of m ilk  production was held constant. No doubt, 
th is rep resen ted  a b iased  association  because sev era l aged brood cows 
w ere included.
A nestrus was found to be a breeding problem  despite in tense 
observations of the an im als, with 33.4% of the anim als m issing  10.6% ' 
of the ir expected e s tru a l p e rio d s . It was calculated that if observations 
had been m ade only twice daily  at 12-hour in te rv a ls  tha t an additional 
19.9% of the e s tru a l periods would have been m issed  and c lassified  as 
a n es tru s .
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Monthly PBI levels  of 26 random ly se lec ted  cows d ec rea sed  from  
a high of 8. 8 m cg.%  in A pril to a  low of 3. 8 m cg.%  in A ugust, following 
an in v e rse  re la tionsh ip  with environm ental te m p e ra tu re s  and hum idity .
F rom  these  re su lts  and those in the l i te ra tu re , the following 
conclusions appear to be ju stified :
1. The duration  of e s tru s  of d a iry  ca ttle  in the sub trop ics is 
about five hou rs sh o rte r than in the tem p era te  a re a s  of the w orld. As 
a consequence of th is , m ore  frequent observations for e s tru s  should be 
m ade for optim um  breeding efficiency. Three tim es daily  observations 
for e s tru s  would appear to be p ra c tic a l . Cows should be b red  7 - 1 2  
hours a fte r the onset of e s tru s  for optim um  fe rtility . H ow ever, m o re  
re s e a rc h  is  needed on tim ing of se rv ice  under these  environm ental con- 
dictions befo re  th is recom m endation can be m ade unequivocally. A lso, 
additional re s e a rc h  is  needed to explain the reaso n s  for the d ifference 
in average of duration  of e s tru s  in  the sub trop ical and tem p era te  a re a s  
of the w orld.
2. The e s tru a l cycle length of d a iry  ca ttle  is the sam e in sub­
tro p ica l and tem p era te  a re a s  of the w orld. Cows with e s tru a l cycles 
le s s  than 17 days in length have considerab ly  low er fe r ti l i ty  than cows 
with e s tru a l cycles g re a te r  than 17 days.
3. A nestrus is  a re a l b reeding p rob lem . H ow ever, m an ag eria l 
p ra c tic e s  including m ore  frequent observations for e s tru s  w ill d e c re a se  
m arked ly  the incidence of c lin ica l an estru s  in a  d a iry  h e rd . A lso,
routine veterinary  p rac tices  including pregnancy diagnoses will help r e ­
duce the magnitude of this problem,, The ro le  of the thyroid and clim ate 
in th is problem  of anestru s  needs to be m ore definitely established,.
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APPENDIX
APPENDIX TABLE 1 
Analysis of variance for effects of agea on the average duration of e s tru s
Sources of 
variance
D egrees of 
freedom
 ^ Mean 
square F value
Total 1459
Among age groups 2 437.16 11.76**
W ithin 1457 37. 17
Duncan's new Multiple Range Test for testing  d ifferences between m eans, 
modified by K ram er for unequal subclass num bers (60)
Age B C A
Ranked m eans 11.3 11.9 13. 1
Note: any two m eans not underscored  by the same line 
different (P < ,0 .05).
a re  significantly
^ In d ic a te s  significance at 1% level of probability . 
a Ibid. , Table 9.
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A P P E N D IX  T A B L E  2
A nalysis of variance for effects of agea on length of "norm al"'3 estrua l
cycles
Sources of D egrees of Mean F
variance____________________ freedom ___________squares________________ value
Total 708
Among age groups 2 24.80 5.77**
Within 706 4.29
Duncan's new M ultiple Range Test for testing differences between m eans 
modified by K ram er for unequal subclass num bers (60)
Age A C B
Ranked m eans 20.4 20.7 20.9
Note: any two m eans not underscored  by the same line a re  signifi­
cantly different (P<0„05)
**Indicates significance at 1% level of probability .
a I^ich , Table 9.
1^
"N orm al” e s tru a l cycles included all cycles which ranged from  16 
through 24 days in length.
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